We have determined if thoracic extradural block before surgical incision for thoracotomy produces pre-emptive analgesia. Using a double-blind, placebo-controlled, crossover design, 45 patients (ASA II-III) undergoing posterolateral thoracotomy for lung resection were randomized to one of three groups: group 1 received 0.5 % bupivacaine and adrenaline 1/200 000 (B ; E) 8 ml through a thoracic extradural catheter (tip T3-T5) 30 min before skin incision and saline 8 ml 15 min after skin incision; group 2 received saline 8 ml extradurally before incision and B ; E 8 ml after incision; group 3 received saline 8 ml extradurally before and after incision. General anaesthesia was induced and maintained with propofol, alfentanil and atracurium. The alfentanil infusion was stopped before chest closure and fentanyl 50 g in saline 10 ml was given extradurally. Patient-controlled extradural analgesia (PCEA) was commenced with 0.125 % bupivacaine, adrenaline 1/400 000 and fentanyl 6 g ml 91 (continuous rate of 2 ml h 91 and supplementary doses of 0.5 ml per 6 min). Visual analogue scale (VAS) scores (recorded at rest, on mobilization and after cough), verbal rating scale (VRS) (recorded at rest), number of successful PCEA demands and complications were measured during the first 48 h after operation. There was no significant difference between groups, either in PCEA requirements (P 9 0.21) or in VAS scores (either at rest, during mobilization of the ipsilateral arm of surgery or after cough). No significant differences between groups were found in the VRS. Thoracic extradural block with bupivacaine did not produce an early preemptive effect after thoracotomy. (Br.
In animals, tissue injury or brief afferent C-fibre conditioning stimuli results in increased excitability and expansion of the cutaneous receptive fields of flexor motor neurones and dorsal horn neurones [1, 2] . Central neurones may alter their structure or function as a result of past experience or injury [3] .
Recordings from the spinal cord show that conduction between neurones is altered during noxious stimulation and may induce a hyperexcitable state, a phenomenon termed "wind-up" that may relate to a "pain memory", so that further stimuli are then said to potentiate the neural impulses and intensify the pain [4] . These experiments gave support to the concept of "pre-emptive analgesia."
However, the results of clinical studies are debatable. Conventional doses of oral NSAID appear to have no additional clinical benefit when given before compared with after surgery [5, 6] . Preemptive field block studies with local anaesthetics are inconclusive [7, 8] . I.v. opioids may confer some advantage when given pre-emptively [9] . Some studies on pre-emptive extradural block support the hypothesis, either with local anaesthetics [10] or opioids alone [11] , using in both cases a lumbar approach. When opioids and local anaesthetics were combined, no pre-emptive effect was shown [12] .
The aim of this study was to determine if extradural thoracic block with local anaesthetic before surgical incision had a pre-emptive effect on postoperative pain intensity in patients undergoing thoracotomy.
Patients and methods
The study was approved by the Institutional Review Board (IRB) and written informed consent was obtained from all patients. Forty-five patients, ASA II-III, undergoing posterolateral thoracotomy for lung resection were allocated randomly to one of three groups and studied prospectively in a doubleblind, placebo-controlled, crossover design.
All patients were familiarized with the following pain intensity measurements: 10-cm linear visual analogue scale (VAS); verbal rating scale (VRS) described as: no pain, slight, moderate, strong, intense and unbearable; and patient-controlled extradural analgesia (PCEA) pump management.
Preoperative investigations in all patients included arterial blood-gas measurements, pulmonary function tests, haematology, coagulation, biochemical screening and thoracic radiology. Exclusion criteria were: renal disease (creatinine 9 106 mol litre 91 ), hepatic disease (bilirubin 9 20 mol litre 91 ), congestive heart failure, atrioventricular heart block, epilepsy, alcoholism, hypovolaemia, age less than 18 or more than 76 yr, metrizamide allergy, a history of chronic pain or regular intake of analgesic drugs, a psychiatric history, any contraindication to regional anaesthesia and failure to comprehend PCEA or any of the pain intensity scales.
A table of random numbers was used to generate a randomization schedule to which each patient would be assigned upon entry into the trial. An envelope containing the group assignment (and the order of bupivacaine and saline infusions) was prepared, sealed and numbered for each patient. On the morning of surgery, one of the investigators opened the envelope and prepared two identical syringes that were labelled for pre-incisional and post-incisional infusions. This investigator had no further involvement with the study. All patients and personnel involved in patient management and data collection were unaware of the group to which the patient had been allocated. Although the anaesthetist in charge of the case also was unaware of the patient's group, he had ready access to this information in the event of an emergency.
The day before surgery, an extradural thoracic catheter was inserted and its tip placed at T3-5 using an 18-gauge Tuohy needle [13] . The position of the catheter tip was checked using an image intensifier by administration of metrizamide.
Two different extradural solutions were used: 0.5 % bupivacaine with adrenaline 5 g ml 91 (B) and saline solution (S), in a total volume of 8 ml for each dose. The first extradural dose was administered 30 min before surgical incision and the second 15 min after. was given every 5 min if arterial pressure or heart rate was 25 % or more than baseline. The lungs were ventilated with 100 % oxygen. The alfentanil infusion was stopped before chest closure. At the end of operation residual neuromuscular block was antagonized with neostigmine, and atropine and fentanyl 50 g in 10 ml of saline solution were given extradurally. The trachea was extubated immediately after surgery and the patient transferred to the recovery room. In the recovery room, an extradural infusion of 0.125 % bupivacaine with adrenaline 1/400 000 and fentanyl 6 g ml 91 was started using a PCEA pump system (Pharmacia Deltec). A continuous rate of 2 ml h 91 and supplementary boluses of 0.5 ml, with a 6-min lockout interval, were given during the first 48 h after operation. PCEA was then stopped and restarted if analgesia was inadequate. The following analgesic regimen was then commenced: tramadol 1 mg kg 91 i.v. every 6 h alternated with metamizol 30 mg kg 91 i.v. every 6 h for 3 days. When i.v. medication was impractical, the same analgesic regimen was maintained by the oral route, with consequent reduction in dosage. The thoracic extradural catheter was removed when oral administration began.
Pain scores at rest, during abduction of the ipsilateral arm and after cough were recorded on a 10-cm linear VAS at 1, 3, 7, 11, 19 and 43 h after surgery. Pain scores at rest were also determined at the same times on a VRS. Total successful PCEA demands were recorded at 18 and 48 h after operation. Arterial blood-gas analysis was performed at 1, 3, 7, 19 and 43 h after operation. Side effects (nausea, vomiting, pruritus, respiratory depression and hypotension) were recorded.
DATA ANALYSIS
We estimated the sample size required for a test assuming that postoperative pain would be less intense in group 1 (extradural bupivacaine before surgical incision) than in the two other groups. Using as a principal variable the VAS for postoperative pain and considering a difference of <2 cm as clinically significant, we calculated the sample size required. Considering a type I ␣ error of 0.05 and a type II ␤ error of 0.1, assuming a minimized, although not fully absent, type II ␤ error, the sample size was calculated as 15 patients in each group.
Eight patients were withdrawn from the study because of: inadequate pain relief in spite of PCEA as a result of ipsilateral shoulder pain (n : 5; two in group 1, two in group 2 and one in group 3); loss of the extradural catheter before the end of the study (n : 1; group 2); or incomplete data collection (n : 2; one in group 1 and one in group 2). The patients withdrawn were replaced until 45 patients had completed the study.
Qualitative data (sex, type of intervention and verbal categoric scale) were assessed by a chi-square test with Yates' correction, when necessary. Quantitative data were examined with analysis of variance according to Scheffé's procedure. Differences between groups were tested with the two-tailed Student's test. The Kruskall-Wallis test was used for non-parametric data. Values of P : 0.05 were considered significant.
Results
There were no significant differences between groups in age, weight, height, sex, type of surgical procedure or duration of surgery (table 1) .
The total doses of alfentanil, propofol and atracurium, and the bolus of alfentanil received in the intraoperative period by each patient did not differ significantly between the groups (table 1) .
There were no differences in VAS scores either at rest ( fig. 1 ), during mobilization of the ipsilateral arm of surgery ( fig. 2 ) or after cough ( fig. 3 ). There were no significant differences between groups in VRS (table 2) or in requirements for PCEA (table 3) . Arterial blood-gas analyses showed no significant differences (table 4) between groups.
No complications or adverse effects were observed in any of the patients.
Discussion
We found no significant differences in pain scores at rest, during mobilization of the ipsilateral arm or after cough between patients with pre-incisional (30 min) and post-incisional (15 min) administration of a thoracic extradural with 0.5 % bupivacaine using the suggested design for studies of pre-emptive analgesia [14] . There may be several explanations for the difference between our findings and those of previous studies. Although central sensitization may contribute to postoperative pain in humans, surgical trauma differs from the conditioning stimuli applied in experimental studies in several aspects. Contrary to a well-localized thermal or chemical injury, or brief C-afferent stimulation, the afferent input to the CNS during surgery is extensive, with mixed cutaneous, muscular and visceral components. In thoracic surgery there are several noxious perioperative events, such as rib retractor placement, insertion of chest drains, intercostal nerve damage, rib fractures and stripping of the periosteum. Surgery may be considered as an uncontrolled prolonged stimulus involving generation of afferent stimuli from somatic and visceral fibres and may not, therefore, be directly comparable with experimental models. Moreover, this afferent input is maintained while the inflammatory surgical response lasts.
Our findings contrast with those of Katz and colleagues [11] , although we used similar administration times. They used the lumbar extradural route and gave fentanyl 4 g kg
91
. We used the thoracic approach and gave 0.5 % bupivacaine 8 ml.
Our negative results could be caused by administration of too small a dose of extradural bupivacaine which may not be sufficient to provide good afferent block [15] . Furthermore, the block was instituted 30 min in before surgery which might not be long enough for optimal pre-emptive analgesia, although a clinically effective block would have been achieved. Katz and colleagues used i.v. PCA with morphine while we used PCEA. They found a significantly increased analgesic effect only at 6 h and reduced morphine consumption between 12 and 24 h after surgery in the treated group [11] (pain scores and postoperative morphine consumption were reduced only at one of five assessments). Total morphine consumption however was almost identical in both groups. The pre-emptive study group was older and included more females than the control group, both of which factors may result in less pain and opioid consumption [16] .
An explanation for our failure to show a preemptive effect could be that central sensitization was induced equally in the three groups, as a result of insufficient afferent block. Conventional extradural block may not provide total C-afferent block and the vagi and phrenic nerves are unaffected [17] . Extradural block in our study was obtained with a potent local anaesthetic (bupivacaine 5 mg ml 91 (8 ml)) suitable for surgical anaesthesia, but the degree of afferent block was not established with any objective method.
Pre-emptive, balanced (combining NSAID, opioids, local anaesthetics and other drugs) and prolonged analgesia throughout the inflammatory response has been suggested as the only way to induce a significant effect on pain intensity. A single extradural dose cannot be expected to have prolonged effects; a secondary neuroplastic response may be expected when the block wears off [18] .
C-afferent activity may be generated not only during surgery, but also in the postoperative period, partly as a result of persistent inflammation and hyperalgesia at the wound site. This activity may be sufficient to produce central sensitization and no information is available on the optimal duration of afferent block to prevent alterations in dorsal horn neurones. In our design, central sensitization may have occurred in the pre-emptive study group (group 1) during the postoperative period when the concentration of bupivacaine used for continuous extradural infusion was small. It may be that the windup process outlasts the effect of bupivacaine. What we thought was pre-emptive analgesia may merely have been pre-incisional. The prevention of pain must begin before operation and then continue during and after operation [19] .
It has been suggested that administration of opioids as premedication or during induction and maintenance of anaesthesia may attenuate central hyperactivity and consequently confound postoperative assessments of pain and analgesic requirements [9, 11, 20] . Morphine has been shown to prevent the establishment of central sensitization [21] in rats. In a recent study [9] , morphine 10 mg i.v. was more effective when administered before compared with after hysterectomy. In our study, however, it is remarkable that although the number of doses of alfentanil given during the intraoperative period was greater in group 3 (S-S), there were no significant differences in postoperative pain assessments between groups. Clinical studies of pre-vs No pain  5  -1  1  -3  1  1  3  1  1  1  2  3  2  Slight  2  6  7  10  10  5  5  4  7  7  2  3  6  5  4  Moderate  2  4  5  2  5  2  6  7  4  6  9  8  6  6  8  Strong  1  1  1  1  -2  2  1  1  1  1  1  1  -1  Intense  1 postoperative opioids [9, 11] seem to confirm the theoretical importance of pre-emptive analgesia [22] , but only very minor and shortlasting advantageous effects have been documented. The potential pre-emptive effect of an extradural test dose with local anaesthetic is also controversial. One study found no significant differences in pain and opioid requirements after identical pre-or postoperative extradural block with bupivacaine in patients undergoing abdominal hysterectomy [23] , while a recent study [10] during lower abdominal surgery showed a reduction in the required dose of morphine and McGill pain questionnaire, although VAS did not differ significantly. In an earlier study, patients undergoing colonic surgery given either an extradural dose of bupivacaine 7 ml (7.5 mg ml 91 ) with morphine 2 mg before or after surgery, followed by continuous extradural bupivacaine 0.25 mg ml 91 (4 ml h 91 for 72 h) showed no significant differences in pain scores at rest or during mobilization, or in requests for additional morphine [12] .
It may be suggested that wound hyperalgesia is a more sensitive measure of pain reduction. Hyperalgesia (increased sensitivity and extended sensory fields) may be the earliest and most sensitive manifestation of inadequate antinociceptive control and could be investigated in future studies by measuring sensory and pain cutaneous thresholds. However, the clinical relevance of these measures is not great. A recent study of fentanyl or ketamine i.v. [24] found no statistically significant changes in spontaneous incisional or movement-associated pain compared with the control group, although the intensity of pain to suprathreshold pressure on the wound was decreased in both treatment groups compared with the control group.
